We investigate a possible way to bypass a no-go theorem for the isocurvaton scenario [15] . The isocurvaton scenario can be realized when we introduce a peculiar interaction and then relax slow roll condition. With the realization of the isocurvaton scenario, large non-Gaussianity and gravitational wave enhancement can be achieved.
Introduction
One of the remarkable developments in modern cosmology is the inflationary paradigm [1, 2, 3, 4] . Inflation can explain the production of density perturbations in the early universe and the formation of large-scale structure (LLS) [5, 6, 7, 8, 9] , as well as CMB temperature anisotropic distribution that we observe today [10, 11] .
Following the success of inflation, how to distinguish inflation models in the observation, has become a very important issue. However the measurement of tensor modes in CMB anisotropy and the spectral index of adiabatic perturbation are not powerful enough to distinguish inflation models. Luckily some more quantities, such as non-Gaussianity and isocurvature perturbation will prove more fundamental in providing information about the mechanism chosen by nature to produce the structure we observe today.
Non-Gaussianity is a deviation from pure Gaussianity statistics, i.e., the presence of high order connected correlation functions of CMB anisotropies. A phenomenological way of parametrizing the level of non-Gaussianity is to introduce a non-linearity parameter f N L . Using the WMAP convention, f N L can be written as [12] 
where ζ is the curvature perturbation in the uniform density slice, and ζ g is the Gaussian part of ζ. This particular model of non-Gaussianity is called the local shape non-Gaussianity. Recently, there are hints from experiments that the local shape non-Gaussianity may be large. [13] claims that f N L = 0 is excluded above 99.5% confidence level. In the WMAP 5-year data analysis, it is shown that the expectation value of f N L using the bi-spectrum method is f N L = 51. However, f N L = 0 still lies within the 2σ range. If the non-Gaussianity is confirmed in the WMAP 8-year data or the Planck experiment, it will be a very powerful tool to distinguish between inflation models. Some other related topics on the large non-Gaussianity are discussed in [14] recently.
The primordial gravitational waves also provide an important probe to the early universe. The amplitude of gravitational waves varies greatly in different inflation models. For example, chaotic inflation predicts a tensor to scalar ratio r ∼ O(0.1).
While most of known stringy inflation models predict r O(10 −3 ). The WMAP 5-year result, combined with BAO and SN gives r < 0.2 at 95% confidence level.
This has put a tight constraint on chaotic inflation models. On the other hand, if future experiments show r > O(10 −3 ), it will be a challenge for string cosmology.
In a recent work [15] , the isocurvaton scenario has been proposed. In this model, the basic idea is to suppress the curvature perturbation outside the inflationary horizon. Large non-Gaussianity can be produced without producing observable isocurvature perturbations. We use ϕ to denote the inflaton and use χ to denote the isocurvaton, the curvature perturbation can be written as,
If we assume that r approaches to 1 and rζ χ ≪ (1−r)ζ ϕ when the isocurvaton decays, we find the curvature perturbation will be suppressed as
A direct consequence of suppressing curvature perturbation outside inflationary horizon is to provide a solution to the problem of the flatness of the potential. Another virtue of the isocurvaton scenario is to amplify non-Gaussianity. This can be seen as below,
Combining (1), (3) and (4), the observable non-Gaussianity can be written as
When 1 − r ≪ 1, f N L can be large in the isocurvaton model.
Last but not least, the gravitational perturbation will be enhanced in the isocurvaton scenario. The tensor-to-scalar ratio can be written as
where r T 0 is the tensor to scalar ratio without the isocurvaton dilution. If the isocurvaton scenario works, and future experiments detect gravitational waves, then isocurvaton with 1 − r ≪ 1 can be a way to save a large number of string inflation models, which make the prediction that the gravitational waves are too small to be detected.
This possibility is investigated in detail in [17] .
However, it is not easy to realize the isocurvaton scenario. In a recent work [15] , a no-go theorem about the isocurvaton scenario has been given. The isocurvaton scenario can not be realized in multi-field models, even if we extend to the generalized kinetic terms. However, as pointed out in [15] , such cases, adding interaction and relaxing slow roll condition for isocurvaton, have not been included in no-go theorem.
In this paper, we introduce an interaction term between inflaton and isocurvaton, relaxing the slow roll condition for isocurvaton, and hence bypass the no-go theorem of the isocurvaton scenario.
Reconstruction
Let there be both the inflaton and the massless isocurvaton during the period of inflation, and the energy density of isocurvaton be completely given by the kinetic term. Note that there is no such requirement about the ratio between the energy density of inflaton and isocurvaton at the outset of inflation since isocurvaton will be diluted by inflation finally. The perturbation of isocurvaton will be suppressed exponentially. Inflation provides a homogeneous initial condition to the isocurvaton.
The Friedmann equation can be written as
where we neglect the kinetic term of inflaton at the RHS of equation. Together with the equation of motion of isocurvaton
we find that a solution of the above equations decays rapidly, and the inflaton will be dominant. The slow roll inflation ensues, no matter what the ratio between inflaton and isocurvaton at the outset of universe. In slow roll inflation, the Hubble constant is nearly a constant, the isocurvaton and its perturbation still decay at this stage. So we considerχ 2 ≪ V (ϕ) in the following discussion.
We assume that before the end of inflation, the interaction between the inflaton and the isocurvaton has been triggered. The mix term λϕχ will appear in the Lagrangian. Taking the variation of Lagrangian of the isocurvaton, we get the equations of motion of the isocurvaton and its perturbation at super horizon scale,
where φ is metric perturbation, and we performed calculation in the Newtonian gauge.
In the slow roll approximation, we neglect the quadratic derivative term in Eqs.
(9)(10), and take H, ϕ, δϕ, φ as constant since the equation of state of inflaton changes slowly in slow roll inflation. It is a good approximation if the interacting time of interest is short enough. So there is a set of uniform velocity solutions to these equations,χ
These results are self-consistent sincë
We write δϕ appearing in the RHS of Eq. (12) in terms of gravitational potential φ according to the perturbed Einstein equations. For simplicity, we will consider ϕ n inflaton potential in the following discussion. The perturbed Einstein equations at super horizon scale can be written as [16] 2a
where the prime denotes taking derivative with conformal time, and V ϕ = ∂V ∂ϕ
. Contribution of the isocurvaton has been neglected in the above euqations since the energy density of the isocurvaton is trivial. Combining the above two equations, we get
where we neglected the time derivative term of H and φ. For ϕ n inflaton potential, according to Eq. (12)(17), we rewrite δχ as
The key assumption in the isocurvaton scenario is ζ χ ≪ ζ ϕ when the isocurvaton decays. Now
where ρ χ = 1 2
(1 − 2φ)χ 2 − λϕχ and
We assume that the motion of the isocurvaton is non-slow roll, i.e.φ Hϕ ≪χ Hχ , which will be given by tuning the interacting parameter λ. This assumption will relax the slow roll condition of the isocurvaton, and finally realize the isocurvaton scenario.
According to this assumption, the first term of Eq. (21) can be neglected. Combining
Eqs. (17), (19), (20), (21), we get
We obtain δχ and χ by performing integration of Eqs. (11)(18),
where T = N /H, denotes the interacting time, N is the e-folding number. Note that the integral constant is neglected in Eq. (23) since the isocurvaton and its perturbation exponentially decay before the interaction takes place, and their contributions to ζ χ are trivial. Combining ζ χ = 0, which is required by isocurvaton scenario, we get
from Eq. (22). The curvature perturbation of isocurvaton decays to zero after inflation lasted for the above e-folding number. Suppose interaction disappears when ζ χ is tuned to zero and inflation ends, ζ χ will be conserved and equal to zero till isocurvaton decay.
It is worth to note that when n = 2, the length of interacting time diverges if we want to tune ζ χ to zero. In this case, n = 2 corresponds to the 2 + λϕχ, and it can be diagonalized as two fields without interaction. This case was covered by the no-go theorem in [15] . So we cannot tune ζ χ to zero when n = 2. When n > 2, corresponding to some large-field inflation models, the length of interacting time is negative. It means that the interaction will amplify ζ χ , and ζ χ will never be zero. For n < 2, the isocurvaton scenario works.
Wands et.al. [18] proved that the primordial adiabatic mode is related to the adiabatic mode at horizon crossing by
where T RS is the transfer function from entropy mode to adiabatic mode. The correlation term between adiabatic mode and entropy mode at horizon crossing has been neglected on the RHS of above equation for slow roll assumption, i.e., both fields are slow rolling during inflation. From this relation, we can see that the super horizon perturbation cannot be suppressed in slow roll inflation.
However, as we can see in the following, their conclusion does not cover our model.
We rewrite ϕ and χ into the inflation direction σ and the isocurvature direction s, δσ ≡ cos θδϕ + sin θδχ , δs ≡ − sin θδϕ + cos θδχ , sin θ ≡χ φ 2 +χ 2 .
Note that δs is automatically gauge invariant. The perturbation equation of isocurvature direction can be written as
When the interaction has just been triggered, the isocurvaton field χ will get a big acceleration. In this case,
at horizon crossing. The source term on the RHS of (27) takes the form
and the typical term on the LHS of Eq.(26)
We see that the source term on the RHS of Eq. (27) coming from gravitational potential can not be neglected in the evolution of entropy perturbation at horizon crossing. This will lead to a correlation term between adiabatic mode and entropy mode at horizon crossing,
The conclusion of [18] that the super horizon perturbation cannot be suppressed in the context of slow roll inflation, is avoided in our model.
Conclusion and Discussion
In this paper, we introduce a mixing term between the inflaton and the isocurvaton, and relax the slow roll condition of the isocurvaton. We find that the isocurvaton scenario can be realized.
Of course, It is just one possible way to bypass the no-go theorem in [15] , and there are still some problems in our model. For example, we do the calculation under the approximation in which H and φ are constant. This may not be true if the interacting time is too long. Another flaw of our model is that the interaction must disappear and inflation must be ended when ζ χ has been tuned to zero. This is the main unnaturalness in our model. A more natural scenario will be investigated in a future project.
